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PURPOSE:  There  is  significant  public  and  veteran  concerns  over  the  impact  of  military  deployments  to 
Iraq  and  Afghanistan  on  veterans’  health.  This  study  investigates  morbidity  among  deployers  by  uniquely 
comparing  after^deployment  hospitalizations  to  before^deployment  hospitalizations  and  hospitalizations 
among  nondeploy ers. 

METHODS:  To  compare  after^deployment  with  before^deployment  rates  of  morbidity,  we  examined 
activc'duty  military  personnel  who  deployed  for  the  first  time  in  support  of  the  current  conflicts  in  2003 
or  2004  and  had  at  least  12  months  of  service  before  deployment.  We  also  compared  the  after^deployment 
hospitalizations  to  hospitalizations  of  personnel  serving  on  active  duty  from  May  2002  through  May  2004 
without  a  deployment  from  September  2001  through  August  2006.  This  historical  prospective  investigation 
utilized  Cox’s  proportional  hazards  time^tO'Cvent  modeling.  Hospitalizations  for  any  cause  and  hospitaliza' 
tions  based  on  14  broad  diagnostic  categories  were  examined. 

RESULTS:  After  adjusting  for  demographic  and  occupational  variables,  the  after^deployment  risk  for 
any'Cause  hospitalization  was  greater  in  comparison  with  before-deployment  (hazard  ratio,  1.57;  95%  Cl, 
1.48-1.66)  but  lower  in  comparison  with  nondeployers  (HR,  0.95,  95%  Cl,  0.92-0.98). 
CONCLUSIONS:  Active-duty  service  members  have  an  increased  risk  of  hospitalization  after  deploy¬ 
ment  compared  with  before  deployment  but  a  lower  risk  when  compared  with  nondeployers. 
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INTRODUCTION 

In  the  decade  after  the  1991  Gulf  War,  more  than  $1  billion 
was  spent  researching  multisymptom  illnesses  reported  by 
some  returning  veterans  (1).  One  of  the  first  large  epidemi¬ 
ologic  studies  after  the  1991  Gulf  War  investigated  the 
morbidity  of  deployed  and  nondeployed  veterans  measured 
by  hospitalization  (2),  and  it  found  no  excess  of  unexplained 
illness  among  active-duty  members  within  2  years  after  war. 
Other  epidemiologic  investigations  that  used  hospitalization 
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to  indicate  severe  morbidity  followed,  including  in-theater 
hospitalizations  (3),  Department  of  Veterans  Affairs  and 
civilian  hospitalizations  (4),  hospitalizations  for  unex¬ 
plained  illnesses  (5),  mental  health  (6),  and  specific  health 
conditions  (7,  8).  Hospitalizations  also  were  used  to  investi¬ 
gate  morbidity  in  subpopulations,  including  self-selected 
Gulf  War  Health  Registry  participants  (9),  coalition 
personnel  (10,  11),  and  personnel  possibly  exposed  to 
Kuwaiti  oil  well-fire  smoke  or  nerve  agents  at  Khamisiyah, 
Iraq  (3,  12-14).  This  research  on  1991  Gulf  War  veterans’ 
health  did  not  reveal  etiologies  for  increased  symptom 
reporting  or  a  clear  case  definition  of  “Gulf  War  illness,” 
which  is  concerning  in  light  of  the  current  combat  opera¬ 
tions  in  the  region. 

The  health  of  returning  US  military  members  after 
combat  operations  in  Iraq  and  Afghanistan  is  an  important 
public  and  military  health  concern.  Research  to  date 
suggests  a  high  prevalence  of  mental  health  symptoms  in  re¬ 
turning  veterans  (15-18)  and  increases  in  unhealthy  behav¬ 
iors  (19-21);  however,  research  of  other  health  outcomes  is 
sparse.  The  objectives  of  this  exploratory  investigation  were 
to  compare  after-deployment  and  before-deployment  hospi¬ 
talizations  and  to  compare  after-deployment  hospitaliza¬ 
tions  to  hospitalizations  of  those  not  deployed  during  the 
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Selected  Abbreviations  and  Acronyms 

DoD  =  Department  of  Defense 

ICD'9'CM  =  International  Classification  of  Diseases ,  Ninth  Revision,  Clinical 

Modification 

HR  =  hazard  ratio 

Cl  =  confidence  interval 


same  time  period.  By  comparing  in  this  way,  it  was  hoped 
that  an  examination  of  hospitalizations  would  provide 
preliminary  indications  of  health  problems  secondary  to 
deployment. 


METHODS 

Population  and  Data  Sources 

The  study  population  included  regular,  active-duty  military 
personnel  who  deployed  for  the  first  time  in  support  of  the 
wars  in  Iraq  and  Afghanistan  from  January  1,  2003,  to 
December  31,  2004,  returned  from  deployment  before  July 
1,  2005,  and  had  at  least  12  months  of  service  before  deploy¬ 
ment.  At  least  1  year  of  after-deployment  follow-up  time  was 
achieved  by  excluding  those  who  deployed  again  within  the 
year  of  returning  from  deployment.  Individuals  who  deployed 
for  a  second  time  after  the  1-year  period  were  retained  for 
these  analyses.  For  the  second  objective,  the  nondeployed 
comparison  population  included  regular,  active-duty  service 
members  who  were  on  rosters  as  of  May  2003  (the  median  first 
month  of  deployment  for  deployers  included  in  this  study)  and 
did  not  deploy  in  support  of  the  wars  in  Iraq  and  Afghanistan 
between  September  2001  and  September  2006.  For  compar¬ 
ison,  nondeployers  had  to  have  at  least  12  months  of  active- 
duty  service  both  before  and  after  May  2003.  To  account  for 
demographic  differences,  nondeployed  personnel  were 
frequency  matched  to  deployed  personnel  on  sex  and  age. 
Demographic,  occupational,  and  deployment  data  were  ob¬ 
tained  from  electronic  military  records  and  included  sex,  birth 
date,  education,  marital  status,  race/ethnicity,  pay  grade, 
service  branch,  occupation,  and  deployment  dates. 

Hospitalization  data  were  obtained  from  the  Standard 
Inpatient  Data  Record  and  Health  Care  Service  Record 
databases.  The  former  contains  one  record  for  each  inpa¬ 
tient  encounter  for  care  at  a  Department  of  Defense 
(DoD)  hospital  worldwide  with  up  to  eight  International 
Classification  of  Diseases,  Ninth  Revision,  Clinical  Modification 
(ICD-9-CM)  diagnoses  (22).  The  latter  contains  one  record 
billed  to  the  DoD  for  each  visit  to  a  civilian  hospital  with  up 
to  10  ICD-9-CM  diagnoses.  For  these  analyses,  only  the  first 
hospitalization  for  the  targeted  diagnosis  or  group  of 
diagnoses  was  included. 


Outcomes 

To  examine  the  association  between  hospitalization  and 
deployment,  before-  and  after-deployment  hospitalizations 
were  compared  among  deployers.  After-deployment  hospi¬ 
talizations  from  January  1,  2003,  to  December  31,  2005, 
were  compared  with  before-deployment  hospitalizations  of 
the  same  individuals.  To  ensure  new  accessions  were  well- 
represented,  the  before-deployment  hospitalization  period 
included  only  1  year  immediately  preceding  deployment. 
To  capture  the  broader  after-deployment  hospitalization 
experience,  2  years  immediately  after  deployment  comprised 
the  after-deployment  period. 

Additionally,  after-deployment  hospitalizations  of  de¬ 
ployers  were  compared  with  hospitalizations  of  nondeployers 
during  the  same  time  frame.  After-deployment  hospitaliza¬ 
tions  from  January  1,  2003,  to  December  31,  2005,  were 
compared  with  hospitalizations  of  nondeployers  from  June 
2,  2004,  to  December  31,  2005.  The  observation  period  for 
the  nondeployed  group  was  chosen,  a  priori,  based  on  the 
median  deployment  date  and  the  mean  length  of  follow-up 
time  for  deployers.  For  both  objectives,  separate  models 
were  used  to  examine  hospitalization  for  any  cause,  excluding 
childbearing  reasons,  and  hospitalization  as  the  result  of 
causes  within  14  major  ICD-9-CM  diagnostic  categories. 


Statistical  Analyses 

Univariate  analyses  were  used  to  examine  associations 
between  any-cause  after-deployment  hospitalization  and 
demographic,  occupational,  and  deployment  variables.  Multi- 
collinearity  was  examined  using  regression  diagnostics.  Cox’s 
proportional  hazards  time-to-event  modeling  was  used  to 
calculate  adjusted  hazard  ratios  and  95%  confidence  intervals. 
A  sandwich  covariance  method  was  used  to  account  for  the 
within  subject  correlation  in  the  before-  and  after-deployment 
comparison  (23).  Subjects  were  classified  as  having  an  event  if 
hospitalized  for  any  cause  in  the  main  model  or  hospitalized 
for  causes  in  each  of  the  14  categories  for  the  subsequent 
models.  For  deployers,  follow-up  time  for  the  before-deploy¬ 
ment  period  began  1  year  before  deployment  and  ended 
with  the  date  of  hospitalization  or  the  day  before  deployment, 
whichever  occurred  first.  Follow-up  time  for  the  after-deploy¬ 
ment  period  began  the  day  after  returning  from  deployment 
and  ended  with  one  of  the  following  events,  whichever 
occurred  first:  hospitalization,  separation  from  service,  end 
of  the  2 -year  period  after  returning  from  deployment,  first 
day  of  a  second  deployment  occurring  at  least  1  year  after 
returning  from  first  deployment,  or  December  31,  2005.  For 
nondeployers,  follow-up  time  for  hospitalizations  began  June 
2,  2004,  and  ended  with  one  of  the  following  events,  which¬ 
ever  occurred  first:  hospitalization,  separation  from  service, 
or  December  31,  2005.  For  the  14  diagnostic  categories  that 
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were  significantly  associated  with  deployment,  frequencies  of 
the  three  most  common  diagnoses  were  examined. 

A  subanalysis  was  performed  to  investigate  rates  of  hospi¬ 
talization  during  periods  that  were  not  directly  before  or  after 
deployment.  With  the  use  of  a  subset  of  the  deployed  sample, 
hospitalizations  6  to  12  months  before  deployment 
(excluding  the  6  months  immediately  before  deployment) 
were  compared  with  hospitalizations  18  to  24  months  after 
deployment  (excluding  the  18  months  immediately  after 
deployment).  This  subset  included  active-duty  personnel 
who  did  not  deploy  a  second  time  in  the  1 8  months  after  their 
first  deployment.  Cox’s  proportional  hazards  time-to-event 
modeling  with  a  sandwich  covariance  method  was  used  to 
account  for  within-subject  correlation.  Subjects  were  classi¬ 
fied  as  having  an  event  if  they  were  hospitalized  for  any 
cause.  Follow-up  time  for  the  before-deployment  period 
was  calculated  from  1  year  before  deployment  until  hospital¬ 
ization  or  6  months  before  deployment,  whichever  occurred 
first.  Follow-up  time  for  the  after-deployment  period  was 
calculated  from  18  months  after  returning  from  deployment, 
until  hospitalization,  separation  from  service,  2  years  after 
returning  from  deployment,  the  first  day  of  a  subsequent 
deployment,  or  December  31,  2005,  whichever  occurred 
first.  All  data  analyses  were  completed  with  the  use  of  SAS 
(Version  9.1,  SAS  Institute,  Inc.,  Cary,  NC).  Research  was 
conducted  in  compliance  with  all  applicable  federal  regula¬ 
tions  governing  the  protection  of  human  subjects  (Protocol 

NHRC.2004.0034). 


RESULTS 

Nearly  1.4  million  US  service  members  deployed  in  support 
of  the  wars  in  Iraq  and  Afghanistan  from  September  2001 
to  August  2006.  Of  these,  292,354  were  regular  active-duty 
personnel  deployed  between  January  2003  and  December 
2004,  who  had  at  least  12  months  of  service  preceding  deploy¬ 
ment,  returned  from  deployment  by  July  1,  2005,  did  not 
deploy  a  second  time  within  the  year  after  first  deployment, 
and  had  complete  demographic,  occupational,  and  deploy¬ 
ment  data.  Approximately  400,000  individuals  were  regular, 
active-duty  service  members  from  May  2002  through  May 
2004,  did  not  deploy  from  September  2001  to  August  2006, 
and  had  complete  demographic  data.  Of  those,  232,095 
were  frequency- matched  to  deployers  based  on  sex  and  age. 

After  frequency  matching,  deployed  personnel  were 
more  likely  to  be  in  the  Army  or  Marine  Corps  and  be 
combat  specialists  compared  to  nondeployed  personnel 
(Table  1).  Among  deployers,  characteristics  of  personnel 
at  increased  adjusted  risk  of  after-deployment  hospitaliza¬ 
tion  included  female,  older,  less  educated,  white  non- 
Hispanic,  not  married.  Army  service  members,  enlisted, 
combat  specialists,  and  those  deployed  <90  days  (Table  2). 


TABLE  1.  Characteristics  for  active-duty  service  members 
deployed  and  not  deployed  in  support  of  the  wars  in  Iraq  and 
Afghanistan,  after  frequency  matching  for  sex  and  age 


Characteristics 

Deployers 

(n  =  292,354),^ 

Nondeploy  ers 
(n  =  232,095),'’ 
%= 

Sex 

Male 

89.1 

89.1 

Female 

10.9 

10.9 

Age,  yrs 

17-23 

39.8 

39.8 

24-29 

27.6 

27.6 

30-36 

18.1 

18.1 

>36 

14.6 

14.6 

Education 

High  school  diploma 

86.3 

83.7 

or  less 

More  than  high 

13.7 

16.3 

school  diploma 

Race/ethnicity 

White  non-Hispanic 

61.9 

64.8 

Black  non-Hispanic 

20.9 

19.9 

Other 

17.2 

15.3 

Marital 

Married 

51.7 

52.7 

Not  married 

48.3 

47.4 

Service  branch 

Army 

46.8 

24.4 

Air  Force 

15.7 

29.7 

Navy/Coast  Guard 

19.2 

34.1 

Marine  Corps 

18.4 

11.8 

Pay  grade 

Officer 

6.2 

6.7 

Enlisted 

93.8 

93.3 

Length  of  deployment^ 

<  90  days 

22.4 

NA 

91-180  days 

39.9 

NA 

181-270  days 

15.4 

NA 

>270  days 

22.3 

NA 

Occupational  category 

Combat  specialists 

24.7 

15.8 

Electrical  repair 

8.9 

12.1 

Communications/ 

9.1 

9.5 

intelligence 

Health  care 

5.6 

9.2 

specialists 

Other  technical 

3.0 

2.9 

Functional  support 

13.9 

18.9 

specialists 

Electrical/mechanic 

20.0 

20.8 

Craft  workers 

3.8 

2.9 

Service  and  supply 

11.0 

7.9 

handlers 

NA  =  not  available. 

includes  active-duty  service  members  with  1  year  of  previous  service  and  complete 
demographic  data  who  deployed  in  support  of  the  wars  in  Iraq  and  Afghanistan  for 
the  first  time  between  January  1,  2003,  and  December  31,  2004,  and  returned  before 
July  1,  2005. 

^Includes  active-duty  service  members  not  deployed  in  support  of  the  wars  in  Iraq 
and  Afghanistan  between  September  11,  2001,  and  August  31,  2006,  with  1  year 
active-duty  service  before  and  after  May  2003,  complete  demographic  data  in 
May  2003,  and  frequency  matched  to  the  deployers  based  on  sex  and  age. 
‘^Percentages  may  not  add  to  100  because  of  rounding. 

Tength  of  first  deployment  in  support  of  Operations  in  Iraq  or  Afghanistan. 
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TABLE  2.  After^deployment  hospitalization  among  292,354  personnel  deployed  in  support  of  the  wars  in  Iraq  and  Afghanistan  between 
January  1,  2003,  and  returning  home  by  July  1,  2005 


Characteristics 

No.  hospitalized  After  deployment 

Percent 

HR 

95%  Cl 

Sex 

Male 

12,038 

4.6 

1.00 

Female 

1,925 

6.0 

1.37 

1.30-1.44 

Age,  yrs 

17-23 

5,311 

4.6 

1.00 

24-29 

3,613 

4.5 

0.94 

0.90-0.99 

30-36 

2,702 

5.1 

1.03 

0.98-1.09 

>36 

2,337 

5.5 

1.32 

1.25-1.41 

Education 

High  school  diploma  or  less 

12,205 

4.8 

1.00 

More  than  high  school  diploma 

1,758 

4.4 

0.93 

0.87-0.99 

Race/ethnicity 

White  non-Hispanic 

8,772 

4.9 

1.00 

Black  non-Hispanic 

2,991 

4.9 

0.85 

0.82-0.89 

Other 

2,200 

4.4 

0.86 

0.82-0.90 

Marital 

Married 

7,333 

4.9 

1.00 

Not  married 

6,630 

4.7 

1.07 

1.03-1.11 

Service  branch 

Army 

8,040 

5.9 

1.00 

Air  Force 

1,721 

3.8 

0.49 

0.46-0.52 

Navy/Coast  Guard 

2,057 

3.7 

0.51 

0.48-0.53 

Marine  Corps 

2,145 

4.0 

0.69 

0.65-0.72 

Pay  grade 

Officer 

653 

3.6 

1.00 

Enlisted 

13,310 

4.9 

1.73 

1.57-1.91 

Length  of  deployment^ 

<  90  days 

3,703 

5.6 

1.00 

91-180  days 

4,971 

4.3 

0.86 

0.82-0.90 

181-270  days 

2,059 

4.6 

0.82 

0.78-0.87 

>270  days 

3,230 

5.0 

0.80 

0.76-0.84 

Occupational  category 

Combat  specialists 

3,651 

5.1 

1.00 

Electrical  repair 

1,036 

4.0 

0.80 

0.75-0.86 

Communications/ intelligence 

1,137 

4.3 

0.83 

0.78-0.89 

Health  care  specialists 

955 

5.8 

1.05 

0.97-1.13 

Other  technical 

385 

4.3 

0.78 

0.70-0.87 

Functional  support  specialists 

1,887 

4.6 

0.82 

0.77-0.87 

Electrical/ mechanic 

2,704 

4.6 

0.90 

0.85-0.94 

Craft  workers 

526 

4.7 

0.98 

0.89-1.07 

Service  and  supply  handlers 

1,682 

5.2 

0.96 

0.90-1.02 

""Length  of  first  deployment  in  support  of  the  operations  in  Iraq  and  Afghanistan. 


After-deployment  risk  for  any-cause  hospitalization  was 
greater  than  before-deployment  risk  for  any-cause  hospitali¬ 
zation  (hazard  ratio  [HR],  L57;  95%  confidence  interval 
[Cl],  L48-L66),  and  for  hospitalization  in  all  14  broad 
ICD-9-CM  categories,  after  adjusting  for  demographic  and 
occupational  characteristics  (Table  3).  There  was  a  >40% 
increased  risk  of  after-deployment  hospitalization  compared 
with  before-deployment  hospitalization  among  all  14  cate¬ 
gories.  The  greatest  after-deployment  hospitalization  rates 
were  among  those  diagnosed  in  the  injury  and  poisoning 
category  (1L85/1000  person-years),  mental  disorders 
(1037/1000  person-years),  and  musculoskeletal  system 
diseases  (834/1000  person-years). 


There  was  a  reduced  risk  for  any-cause  hospitalization 
among  deployers  when  compared  with  nondeploy ers  (HR, 
0.95;  95%  Cl,  0.92-0.98),  and  for  hospitalization  in  10 
broad  ICD-9-CM  categories,  after  adjusting  for  demo¬ 
graphic  and  occupational  characteristics  (Table  4).  Only 
the  injury  and  poisoning  category  indicated  an  increased 
risk  in  deployers  when  compared  with  nondeploy  ers. 

The  three  most  common  three-digit  after-deployment 
diagnoses  accounted  for  at  least  half  of  the  hospitalizations 
in  7  of  the  14  categories  and  at  least  29%  of  the  hospitaliza¬ 
tions  in  another  6  categories  (Table  5).  Only  the  injury  and 
poisoning  category  was  not  well  explained  by  the  most 
common  diagnostic  codes  (12.5%).  The  subanalysis 
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TABLE  3.  Adjusted  HRs  for  after-deployment  hospitalization  compared  with  before-deployment  hospitalization  deployment  status 
among  active-duty  service  members 


ICD-9-CM 

codes 

Major  diagnostic  categories 

Predeployment,^ 
n  (rate^) 

Postdeployment, 
n  (rate^) 

HR^ 

95%  CF 

Any  cause 

7,281  (25.24) 

13,963  (38.08) 

1.57 

1.48-1.66 

001-139 

Infections  and  parasitic  diseases 

652  (2.23) 

1,334  (3.54) 

1.64 

1.49-1.82 

140-239 

Neoplasms 

190  (0.65) 

627  (1.66) 

2.41 

2.03-2.86 

240-279 

Endocrine,  nutritional,  and 
metabolic  diseases 

430  (1.47) 

1,348  (3.58) 

2.32 

2.07-2.60 

280-289 

Blood  diseases 

395  (1.35) 

973  (2.58) 

1.78 

1.57-2.02 

290-319 

Mental  disorders 

1,250  (4.28) 

3,889  (10.37) 

2.56 

2.39-2.74 

320-389 

Nervous  system  diseases 

248  (0.85) 

858  (2.28) 

2.79 

2.40-3.23 

390-459 

Circulatory  diseases 

491  (1.68) 

1,606  (4.27) 

2.43 

2.18-2.71 

460-519 

Respiratory  system  diseases 

768  (2.63) 

1,407  (3.74) 

1.47 

1.34-1.61 

520-579 

Digestive  system  diseases 

1,526  (5.23) 

2,816(7.50) 

1.46 

1.36-1.56 

580-629 

Genitourinary  system  diseases 

702  (2.40) 

1,426  (3.79) 

1.58 

1.43-1.74 

680-709 

Skin  diseases 

485  (1.66) 

920  (2.44) 

1.52 

1.35-1.71 

710-739 

Musculoskeletal  system  diseases 

957  (3.28) 

3,129  (8.34) 

2.55 

2.36-2.75 

780-799 

Symptoms,  signs  and  ill-defined 
conditions 

1,614  (5.53) 

3,073  (8.19) 

1.47 

1.38-1.57 

800-999 

Injury  and  poisoning 

2,104  (7.22) 

4,430  (11.85) 

1.82 

1.72-1.92 

^Reference  group. 

'^Number  of  events  per  1000  person-years. 

^HR,  95%  Cl  adjusted  for  sex,  age,  highest  education  level,  race,  marital  status,  service  branch,  pay  grade,  and  occupation. 


comparing  the  6  to  12  months  preceding  deployment  to  the 
18  to  24  months  after  deployment  revealed  that  the 
increased  risk  of  any-cause  after-deployment  hospitalization 
persisted  after  excluding  the  6-month  period  immediately 
before  and  the  18 -month  period  after  deployment  (HR, 
137;  95%  Cl,  L28-L47). 

The  before-deployment  monthly  hospitalization  rate  for 
deployers  (n  =  292,354)  was  approximately  0.22%  per 
month  and  decreased  precipitously  during  the  5 -month 
period  preceding  deployment  (Fig.  1).  After-deployment 
rates  were  approximately  0.36%  per  month.  The  overall 
hospitalization  rates  for  service  members  included  in  the 
subanalysis  were  slightly  lower  for  before  deployment 
(0.19%  per  month)  and  after  deployment  (0.33%  per 
month)  compared  with  the  larger  sample  of  deployers. 
Although  the  after-deployment  hospitalization  rates  for 
the  subanalysis  began  much  lower  than  the  larger  deployed 
sample  (Fig.  1),  rates  began  to  converge  11  months  after 
deployment  and  remained  uniform  throughout  the  remain¬ 
ing  time  period.  The  mean  monthly  hospitalization  rate  for 
active-duty  deployers  and  nondeployers  combined  during 
the  same  3 -year  period  (January  2002  to  December  2005) 
was  0.32%;  slightly  lower  than  the  after-deployment  rates 
among  those  who  deployed. 


DISCUSSION 

For  nearly  a  decade,  the  wars  in  Iraq  and  Afghanistan  have 
required  large  numbers  of  US  military  members  to  deploy 


numerous  times  for  prolonged  periods,  raising  concern 
over  the  health  of  service  members  returning  from  deploy¬ 
ment.  Military  combat  deployments  are  complex  and 
diverse,  with  health  consequences  documented  after  each 
large-scale  conflict  (24,  25).  This  exploratory  analysis 
describes  a  broad  range  of  increased  after-deployment  hospi¬ 
talizations  among  US  military  personnel  deployed  in 
support  of  the  wars  in  Iraq  and  Afghanistan. 

Demographic  and  occupational  risk  factors  associated  with 
after-deployment  hospitalization,  including  older  age, 
enlisted  status.  Army  service,  and  female  gender,  have  been 
documented  (2-4,  9,  13,  26).  Interestingly,  those  deployed 
for  <90  days  had  the  greatest  adjusted  risk  for  after-deploy¬ 
ment  hospitalization.  This  finding  may  be  attributable  to 
deployment-related  injuries  severe  enough  to  require  evacua¬ 
tion.  After  removing  this  subgroup  of  short-term  deployers 
from  the  analysis,  further  investigation  found  consistent  over¬ 
all  risk  of  after-deployment  hospitalization  (data  not  shown). 

It  is  difficult  to  rationalize  a  systematic  increase  in  all  14 
broad  diagnostic  categories  being  caused  by  a  unique  deploy¬ 
ment-related  exposure.  Findings  may  be  better  explained  by 
practical  and  procedural  health-care  utilization  issues.  First, 
some  personnel  may  delay  care  until  return  from  deployment 
(27)  because  of  decreased  access  to  care  while  they  are  de¬ 
ployed.  Others,  who  have  been  injured  during  deployment, 
may  return  to  military  hospitals  for  extensive  follow-up. 
Hospitals  receiving  personnel  injured  during  deployment 
may,  in  the  process  of  routine  diagnostic  efforts,  screen  for 
diseases  that  would  not  ordinarily  be  identified  in  nonhospi- 
talized  or  healthy  individuals.  However,  our  subanalysis. 
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TABLE  4.  Adjusted  HRs  of  after^deployment  hospitalization  of  active-duty  service  members  deployed  in  support  of  the  wars  in  Iraq  and 
Afghanistan  compared  with  active-duty  service  members  not  deployed 


ICD-9-CM  codes 

Major  diagnostic  categories 

Nondeployed,^ 
n  (rate^) 

Deployed, 
n  (rate^) 

HR^ 

95%  cr 

Any  cause 

10,472  (34.47) 

13,963  (38.08) 

0.95 

0.92-0.98 

001-139 

Infections  and  parasitic  diseases 

951  (3.06) 

1,334  (3.54) 

0.99 

0.91-1.08 

140-239 

Neoplasms 

553  (1.78) 

627  (1.66) 

0.83 

0.74-0.94 

240-279 

Endocrine,  nutritional,  and  metabolic  diseases 

1,490  (4.80) 

1,348  (3.58) 

0.71 

0.65-0.77 

280-289 

Blood  diseases 

829  (2.67) 

973  (2.58) 

0.87 

0.79-0.96 

290-319 

Mental  disorders 

3,006  (9.71) 

3,889  (10.37) 

0.93 

0.88-0.98 

320-389 

Nervous  system  diseases 

709  (2.28) 

858  (2.28) 

0.91 

0.82-1.01 

390-459 

Circulatory  diseases 

1,647  (5.31) 

1,606  (4.27) 

0.72 

0.67-0.77 

460-519 

Respiratory  system  diseases 

1,231  (3.97) 

1,407  (3.74) 

0.83 

0.76-0.90 

520-579 

Digestive  system  diseases 

2,516(8.13) 

2,816  (7.50) 

0.85 

0.80-0.90 

580-629 

Genitourinary  system  diseases 

1,190  (3.83) 

1,426  (3.79) 

0.87 

0.81-0.95 

680-709 

Skin  diseases 

605  (1.95) 

920  (2.44) 

1.10 

0.99-1.23 

710-739 

Musculoskeletal  system  diseases 

2,565  (8.29) 

3,129  (8.34) 

0.81 

0.76-0.85 

780-799 

Symptoms,  signs  and  ill-defined  conditions 

2,643  (8.54) 

3,073  (8.19) 

0.86 

0.81-0.90 

800-999 

Injury  and  poisoning 

2,726  (8.81) 

4,430  (11.85) 

1.12 

1.07-1.18 

"^Reference  group. 

^Number  of  events  per  1000  person-years. 

‘^HR,  95%  Cl  adjusted  for  sex,  age,  highest  education  level,  race,  marital  status,  service  branch,  pay  grade,  and  occupation. 


designed  to  address  these  issues,  found  an  increased  risk  of 
hospitalization  18  to  24  months  after  deployment  compared 
with  6  to  12  months  before  deployment  suggests  that  some 
chronic,  ongoing  health  concerns  persist  even  after  18  to 
24  months  following  deployment.  In  another  subanalysis, 
reducing  the  follow-up  time  of  hospitalizations  to  1  year  after 
deployment  found  very  consistent  results  with  the  2-year 
follow-up.  Investigation  of  personnel  separating  from 
active-duty  service  found  a  greater  adjusted  risk  of  after¬ 
deployment  hospitalization  among  those  leaving  active 
service.  More  longitudinal  investigation  of  these  personnel 
is  necessary  to  determine  resiliency  or  persistent  health 
problems  associated  with  deployment. 

Perhaps  the  most  influential  factor  in  after-deployment 
hospitalization  rates  has  been  greater  access  to  health  care 
after  deployment  (28-30).  Unifying  health  and  readiness 
policies  under  a  strategy  of  Force  Health  Protection  has 
signaled  a  movement  toward  more  proactive  health  mainte¬ 
nance  and  injury  and  illness  prevention.  Unlike  previous 
conflicts,  returning  personnel  are  screened  in  a  primary 
health-care  setting  for  illnesses  potentially  related  to 
deployment.  Screenings  include  assessments  implemented 
to  evaluate  the  mental  and  physical  health  of  returning 
personnel  and  deployment-related  exposures  (29).  Affirma¬ 
tive  responses  or  deployment-related  health  concerns  may 
result  in  referral  for  care.  Heightened  health  awareness, 
multiple  health  screenings,  easy  access  to  health  care 
providers,  and  subtle  encouragement  by  military  leaders  to 
seek  medical  attention,  may  combine  to  increase  the  likeli¬ 
hood  of  after-deployment  hospitalization. 

Investigation  of  the  three  most  frequently  diagnosed 
after-deployment  injuries  and  illnesses  from  each  of  the  14 


broad  diagnostic  categories  revealed  the  three  most  frequent 
diagnoses  from  certain  broad  diagnostic  categories,  such  as 
musculoskeletal  and  mental  disorders,  were  consistent 
with  injuries  or  illnesses  that  may  be  found  after  deploy¬ 
ment.  Other  categories  such  as  neoplasms,  found  the  most 
frequent  diagnosis  of  uterine  leiomyoma,  which  seems 
unlikely  to  be  caused  by  deployment,  but  rather  may  be  diag¬ 
nosed  more  frequently  after  deployment.  Categories 
including  blood,  nervous,  and  circulatory  system  diseases 
presented  frequent  diagnoses  that  may  not  have  been  previ¬ 
ously  considered  as  potentially  associated  with  deployment 
yet  warrant  further  investigation. 

Studying  the  health  effects  of  deployment  has  unique 
challenges  because  service  members  selected  for  deployment 
may  be  healthier  than  those  who  are  not  selected  to  deploy. 
Figure  1  documents  healthy  deployed  personnel  who  may  be 
selected  to  deploy  by  military  procedures  or  selected  out 
from  deployment  for  injury  or  illness  close  to  the  time  of 
deployment.  For  a  period  after  deployment,  it  is  reasonable 
that  many  hospitalizations  may  be  attributable  to  injuries 
directly  related  to  deployment  or  delayed  elective  medical 
procedures.  The  monthly  hospitalization  rates  of  deployers 
and  regular  active-duty  personnel  converge  after  about  1 
year  after  deployment,  possibly  indicating  a  volume  of 
delayed  elective  care  that  was  accessed  after  deployment. 
This  finding  may  also  indicate  that  service  members  who 
are  hospitalized  in  the  year  after  deployment  are  more  likely 
to  separate  from  active  service.  Alternatively,  it  may  reflect 
a  trend  toward  normal  active-duty  military  population  levels 
of  hospitalization. 

These  analyses  have  limitations  that  should  be  consid¬ 
ered.  Deployment  itself  is  a  broad  measure  of  exposure. 
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TABLE  5.  Frequency  of  the  three  most  common  diagnoses  among  diagnostic  categories  found  to  be  associated  with  increased  risk  of 
after^deployment  hospitalization  when  compared  with  before^deployment  hospitalization 


ICD^9-CM 

Diagnoses 

n  (%^) 

Infectious  and  parasitic  diseases  (codes  001-139) 

041 

Bacterial  infection  in  conditions  elsewhere  and  of  unspecified  site 

672  (44.0) 

054 

Herpes  simplex 

107  (7.0) 

047 

Meningitis  due  to  enterovirus 

105  (6.9) 

Neoplasm  (codes  140-239) 

218 

Uterine  leiomyoma 

200  (26.5) 

196 

Secondary  and  unspecified  malignant  neoplasm  of  lymph  nodes 

31(4.1) 

186 

Malignant  neoplasm  of  testis 

30  (4.0) 

Endocrine,  nutritional,  and  metabolic  diseases  (codes  240-279) 

276 

Disorders  of  fluid,  electrolyte,  and  acid-base  balance 

622  (36.9) 

272 

Disorders  of  lipid  metabolism 

406  (24.1) 

250 

Diabetes  mellitus 

128  (7.6) 

Blood  diseases  (codes  280-289) 

285 

Other/unspecified  anemias 

578  (50.5) 

280 

Iron  deficiency  anemia 

139  (12.2) 

287 

Purpura  and  other  hemorrhagic  conditions 

99  (8.7) 

Mental  disorders  (codes  290-319) 

305 

Nondependent  abuse  of  drugs 

2,012  (31.6) 

309 

Adjustment  reaction 

1,150(18.1) 

296 

Episodic  mood  disorders 

745  (11.7) 

Nervous  system  diseases  (codes  320-389) 

346 

Migraine 

200  (18.7) 

348 

Other  conditions  of  brain 

68  (6.4) 

354 

Mononeuritis  of  upper  limb  and  mononeuritis  multiplex 

64  (6.0) 

Circulatory  diseases  (codes  390-459) 

401 

Essential  hypertension 

796  (36.6) 

427 

Cardiac  dysrhythmias 

268  (12.3) 

453 

Other  venous  embolism  and  thrombosis 

118(5.4) 

Respiratory  system  diseases  (codes  460-519) 

518 

Other  diseases  of  the  lung 

329  (17.5) 

493 

Asthma 

297  (15.8) 

486 

Pneumonia,  organism  unspecified 

209  (11.1) 

Digestive  system  diseases  (codes  520-579) 

540 

Acute  appendicitis 

675  (18.4) 

530 

Diseases  of  esophagus 

575  (15.6) 

524 

Dentofacial  anomalies,  including  malocclusion 

212  (5.8) 

Genitourinary  system  diseases  (codes  580-629) 

599 

Other  disorders  of  urethra  and  urinary  tract 

257  (13.1) 

592 

Calculus  of  kidney  and  ureter 

190  (9.7) 

614 

Inflammatory  disease  of  ovary,  fallopian  tube,  pelvic  cellular  tissue, 
and  peritoneum 

122  (6.2) 

Skin  diseases  (codes  680-709) 

682 

Other  cellulitis  and  abscess 

559  (53.5) 

685 

Pilonidal  cyst 

67  (6.4) 

709 

Other  disorders  of  skin  and  subcutaneous  tissue 

58  (5.6) 

Musculoskeletal  system  diseases  (codes  710-739) 

722 

Intervertebral  disc  disorder 

750  (18.0) 

724 

Other  and  unspecified  disorders  of  back 

439  (10.5) 

717 

Internal  derangement  of  knee 

415  (10.0) 

Symptoms,  signs  and  ilLdelined  conditions  (codes  780-799) 

786 

Symptoms  involving  respiratory  system  and  other  chest  symptoms 

846  (21.7) 

780 

General  symptoms 

808  (20.7) 

789 

Other  symptoms  involving  abdomen  and  pelvis 

529  (13.6) 

Injury  and  poisoning  (codes  800-999) 

998 

Other  complications  of  procedure,  not  elsewhere  classified 

462  (5.4) 

959 

Injury,  other  and  unspecified 

324  (3.8) 

824 

Fracture  of  ankle 

285  (3.3) 

Tercentage  of  diagnostic  category. 
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Studies  of  more  specific  deployment  exposures  as  well  as 
studies  that  are  able  to  differentiate  combat  and  noncombat 
deployments  should  be  pursued.  The  study  population  was 
restricted  to  individuals  with  at  least  1  year  of  continuous 
service  before  first  deployment,  thereby  excluding  a  propor¬ 
tion  of  deployed  service  members,  mostly  consisting  of 
young  Marines  and  other  soldiers  who  deploy  quickly  after 
enlisting.  Thus,  these  results  may  not  be  characteristic  of 
all  deployed  service  members.  In  addition,  because  complete 
availability  of  hospitalization  data  is  limited  to  active-duty 
personnel,  we  were  unable  to  analyze  Reserve  or  National 
Guard  members  or  individuals  who  separated  from  service 
shortly  after  deployment.  Further,  excluding  those  who  de¬ 
ployed  within  1  year  after  returning  from  first  deployment 
may  have  biased  these  results  by  removing  healthier  individ¬ 
uals.  The  use  of  hospitalization  data  to  measure  morbidity 
also  restricted  our  analyses  to  health  problems  severe 
enough  to  require  hospitalization  and  may  not  be  a  true 
measure  of  morbidity  for  categories  such  as  mental  health 
(31, 32).  Further,  the  use  of  diagnostic  coding  for  conditions 
such  as  cancer  with  a  high-level  of  “rule-out”  diagnosing  by 
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providers,  is  inherently  limited.  Finally,  this  investigation 
focused  on  time  until  first  hospitalization  and  not  multiple 
hospitalizations  for  the  same  ICD-9-CM  code,  and  may 
have  missed  information  regarding  illness  severity. 

Despite  these  limitations,  this  study  also  possesses 
a  number  of  strengths.  This  analysis  is  the  first  to  charac¬ 
terize  a  broad  range  of  health  problems  among  those  de¬ 
ployed  in  support  of  the  wars  in  Iraq  and  Afghanistan. 
Rather  than  focusing  on  one  health  condition,  this  study 
explored  health  conditions  within  all  14  major  ICD-9-CM 
diagnostic  categories  and  further  determined  the  top  three 
diagnoses  driving  all  significant  associations.  Hospitaliza¬ 
tion  data  from  all  DoD  hospitals  worldwide  and  civilian 
providers  billing  to  the  DoD  are  considered  very  complete 
for  active-duty  personnel  and  were  used  for  this  study  as 
an  objective  measure  of  health. 

Debate  over  the  appropriate  comparison  population  for 
deployers  has  been  often  contentious  (33),  which  encour¬ 
aged  a  dual  comparison  investigation  in  these  analyses  of 
deployed  personnel  within  the  framework  of  before  and  after 
deployment  as  well  as  with  a  nondeployed  population.  This 


FIGURE  1.  Monthly  hospitalization  rates  for  any  cause,  excluding  child-bearing  reasons,  during  the  period  of  January  1,  2002,  through 
December  31,  2005,  among  regular  active-duty  service  members.  Monthly  hospitalization  rates  for  any  cause,  excluding  childbearing 
reasons,  during  the  12  months  before  and  the  24  months  after  deployment  in  support  of  the  wars  in  Iraq  and  Afghanistan  among  service 
members  deployed  for  the  first  time  between  January  1,  2003,  and  December  31,  2004,  and  a  subset  of  those  service  members  who  were 
active  duty  without  a  second  deployment  18  months  after  deployment. 
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offers  a  unique  investigation  of  after-deployment  hospitali¬ 
zation  risk  that  has  not  been  done  on  a  large  population- 
base  previously.  The  use  of  Cox’s  proportional  hazards 
modeling  provided  effect  estimates  while  adjusting  for 
demographic  and  occupational  variables  and  varying 
follow-up  times.  Finally,  the  large  study  population  allowed 
sufficient  statistical  power  to  detect  small  differences. 

In  summary,  these  exploratory  analyses  demonstrate 
important  factors  associated  with  hospitalization  after 
deployment  and  an  increased  risk  of  hospitalization  in 
active-duty  service  members  after  deployment  compared 
with  before  deployment  but  a  lower  risk  when  compared 
with  nondeployers.  Deployed  personnel  exhibited  lower 
rates  of  before-deployment  hospitalization  than  the  general 
active-duty  military,  which  became  consistent  with  rates  of 
the  general  active-duty  military  after  return  from  deploy¬ 
ment.  Increased  risk  of  hospitalization  over  a  diverse  set  of 
health  outcomes  does  not  suggest  a  single  etiology  of  health 
problems  associated  with  deployment.  This  increase  may  be 
explained  by  a  significant  health  care  shift  after  the  1991 
Gulf  War,  including  after-deployment  screening  and  pres¬ 
sure  on  military  leaders  to  encourage  medical  evaluation 
among  deployers  for  conditions  they  may  have  previously 
dismissed.  More  research  using  longitudinal  data,  such  as 
in  the  Millennium  Cohort  Study  (34),  is  necessary  to  inves¬ 
tigate  the  long-term  impact  of  combat  deployments  on  the 
health  of  US  military  personnel. 
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